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Description 

The present invention relates to a process and 
apparatus for the production of synthesis gas. 

Synthesis gas is the name generally given to a 
gaseous mixture principally comprising carbon 
monoxide and hydrogen, but also possibly contain- 
ing carbon dioxide and minor amounts of methane 
and nitrogen. It is used, or is potentially useful, as 
feedstock in a variety of large-scale chemical pro- 
cesses, for example the production of methanol, 
the production of gasoline boiling range hydrocar- 
bons by the Fischer-Tropsch process and the pro- 
duction of ammonia. 

Processes for the production of synthesis gas 
are well known and generally comprise steam re- 
forming, autothermal reforming, non-catalytic partial 
oxidation of light hydrocarbons or non-catalytic par- 
tial oxidation of any hydrocarbons. Of these meth- 
ods, steam reforming is generally used to produce 
synthesis gas for conversion into ammonia or 
methanol. 

Modifications of the simple steam reforming 
processes have been proposed, in particular, there 
have been suggestions for improving the energy 
efficiency of such processes in which the heat 
available from a secondary reforming step is utilis- 
ed for other purposes within the synthesis gas 
production process. For example, processes are 
described in GB-A-1 550754, US-A-4479925 and 
GB-A-21 53382 in which heat from a secondary 
reformer is used to provide heat to a primary 
reformer. 

GB-A-1 ,550,754 describes a process for the 
steam reforming of hydrocarbons by the sequence 
of primary and secondary reforming, which com- 
prises the steps of 

(a) heating a first mixture of hydrocarbons in the 
presence of steam reforming catalyst to form a 
first partially reformed effluent, 

(b) heating a second mixture of hydrocarbon 
feed and steam to conditions at which primary 
reforming occurs by indirect heat exchange with 
the process gas as hereinafter defined and re- 
forming said hydrocarbons in the presence of a 
steam reforming catalyst to form a second par- 
tially reformed effluent, 

(c) introducing said first and second partially 
reformed effluents to a secondary reformer to 
carry out said secondary reforming In the pres- 
ence of oxygen and forming a secondary re- 
forming effluent, and passing said secondary 
reforming effluent as the process gas in indirect 
heat exchange with said second mixture of hy- 
drocarbon feed as set forth In (b) above. 

The primary reformer which is heated by the 
effluent from the secondary reformer is a shell and 
tube heat exchanger-reactor. 


US-A*4479925 discloses a process for produc- 
ing ammonia synthesis gas in a reactor-exchanger 
primary reformer followed by an autothermal sec- 
ondary reformer in which the primary reformer is 
6 heated by synthesis gas from the secondary re- 
former. The primary and secondary reformers are 
separate units, the primary unit being a shell and 
tube heat exchanger-reactor. 

QB-A-21 53382 discloses an autothermal pro- 

10 cess for producing a synthesis gas in which a 
mixture of steam and hydrocarbon feed gas is 
reacted by passing the mixture through a catalyst 
in counter-current flow to the combustion reaction 
effluent of the process, to cool the reaction effluent 

16 and to provide heat for the reaction of the steam- 
hydrocarbon feed gas mixture and introducing oxy- 
gen or oxygen-enriched air to form said combus- 
tion reaction effluent. The patent application also 
discloses a reactor for carrying out the process 

20 which essentially comprises a shell and tube heat 
exchanger-reactor as the primary reformer. 

The present invention provides a process and 
apparatus for the production of synthesis gas by 
the sequence of primary and secondary reforming 

25 in which the available heat of the effluent from the 
secondary reforming is efficiently used to provide 
heat for the primary reforming. The apparatus has 
the advantage that It is mechanically relatively sim- 
ple. The apparatus is of a modular design which 

30 allows the heat requirement to be easily changed 
and which also provides operational and mainten- 
ance advantages. 

Thus according to the present invention there 
is provided apparatus suitable for use in the pro- 

35 duction of synthesis gas from hydrocarbons which 
comprises a primary reforming zone in which a 
hydrocarbon - containing gas and steam are par- 
tially reformed in the presence of a primary reform- 
ing catalyst to produce a primary reformer effluent 

40 and a secondary reforming zone in which the pri- 
mary refonmer effluent and an oxygen - containing 
gas are reacted in the presence of a secondary 
reforming catalyst to produce a secondary reformer 
effluent characterised in that (1) the primary re- 

45 forming zone comprises a plurality of double pipe 
heat exchanger - reactors arranged peripherally 
about the circumference of a single reforming zone 
and close coupled thereto and (2) each double 
pipe heat exchanger-reactor is (a) adapted to con- 

50 tain the primary reforming catalyst in either its 
central core or annulus and (b) provided with at 
least one inlet for introducing steam and 
hydrocarbon-containing gas into whichever of the 
central core or annulus contains the primary re- 

56 forming catalyst, an outlet for conveying the pri- 
mary reformer effluent to the secondary reforming 
zone and an inlet for Introducing the secondary 
reformer effluent into whichever of the central core 
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or annulus does not contain the primary steam 
reforming catalyst countercurrently to the steam 
and hydrocarbon-containing gas and exit from the 
same for removing the secondary reformer effluent 
from the apparatus. 

If the primary steam reforming catalyst is posi- 
tioned in the inner core of the double-pipe heat 
exchanger-reactor, the outer pipe tends to be sub- 
jected to a higher temperature and would have to 
have a relatively thick wall unless insulated. Prefer- 
ably, therefore, in operation the primary steam re- 
forming catalyst of the primary reforming zone is 
positioned In the annulus of the (or each) double- 
pipe heat exchanger-reactor(s). 

In a preferred embodiment, a plurality of 
double-pipe heat exchanger-reactors, typically 2 to 
10, are associated with a single secondary reform- 
ing zone. Thus, for example, apparatus according 
to the present invention may comprise 7 secondary 
reforming zones each of which is associated with 6 
double-pipe heat exchanger-reactors i.e. the total 
number of double-pipe heat exchanger-reactors is 
42. 

Suitably, the apparatus according to the 
present invention may be constructed as a single 
unit in order to reduce piping and ancillary units. 

In the present Invention a plurality of double- 
pipe heat exchanger-reactors are arranged periph- 
erally about the circumference of a single secon- 
dary reforming zone and are close-coupled thereto 
by, for example, interconnecting pipes. Typically, 
the secondary reforming zone may be of about 4m 
diameter and may have about 12 double-pipe heat 
exchanger-reactors arranged around the periphery 
thereof. Advantages of this arrangement are that it 
Is more compact, i.e. it occupies a smaller area, 
and it facilitates the removal of one or more 
exchanger-reactors for maintenance purposes with- 
out substantially affecting operation of the remain- 
ing exchanger-reactors. Furthermore, it simplifies 
operation because it reduces the number of control 
operations, there being only one secondary reform- 
ing zone to control. 

\A^ichever of the central core or annulus of 
each double-pipe heat exchanger-reactor is not be- 
ing used for the primary reforming catalyst may be 
used to contain secondary reforming catalyst. Gen- 
erally, the geometry of the double-pipe heat 
exchanger-reactor will not accomodate all of the 
secondary reforming catalyst, but by utilising the 
volume of the double-pipe heat exchanger-reactor, 
the volume of the second reforming reactor may be 
reduced. 

The hydrocarbon-containing gas may suitably 
be any hydrocarbon capable of undergoing a 
steam reforming reaction, such as, for example, at 
least one hydrocarbon ranging from methane to 
naphthas having an end point of about 220 ' C, 


including natural gas, ethane, propane and LPG. A 
preferred hydrocarbon-containing gas is natural 
gas. If required, the hydrocarbon-containing gas 
may first of all be desulphurised using technology 

5 known in the art and pressurised e.g. to about 40 
to 80 atmospheres. 

The feed to the primary reforming zone may 
optionally also include carbon dioxide. 

The hydrocarbon-containing gas, steam and 

10 optionally carbon dioxide may suitably be preheat- 
ed for example to a temperature in the range 400 
to about 650 'C before being introduced into the 
primary refonming zone. This preheating may suit- 
ably be accomplished at least in part by using 

75 waste heat from elsewhere in the process and/or 
by, for example a fired heater. At least the 
hydrocarbon-containing gas portion of the feed 
may then be passed through a catalyst guard bed 
for the purpose of removing impurities therein, for 

20 example sulphur, which may be undesireable 
downstream to. for example, the steam reforming 
catalyst 

The preheated feed is then passed to the pri- 
mary reforming zone which comprises at least one 

25 double-pipe heat exchanger reactor containing a 
primary steam reforming catalyst in either the cen- 
tral core or, preferably, the annulus under steam 
reforming conditions. 

Double-pipe heat exchangers are known and 

30 comprise two pipes one positioned inside the other, 
generally substantially concentrically. A packed 
stuffing box may be used to allow differential 
movement and removal of the inner pipe for clean- 
ing or maintenance purposes. 

35 The primary steam reforming catalyst used in 

the primary reforming zone may be any suitable 
catalyst Including conventional steam reforming 
catalysts such as, for example, nickel, nickel oxide, 
chromia, molybdenum, or mixtures thereof, either 

40 supported or unsupported. 

The primary reformer effluent which comprises 
unchanged hydrocarbon, carbon monoxide and hy- 
drogen leaves the primary reforming zone at a 
temperature which is typically in the range from 

46 650 to 950 ' C and is fed to the secondary reform- 
ing zone. The secondary reforming reactor contains 
secondary reforming catalyst which may be a cata- 
lyst of the same type as used in the primary 
reforming zone. 

50 The oxygen-containing gas which is fed to the 

second refonming zone is suitably air, oxygen-en- 
riched air or oxygen and is preferably preheated to 
a temperature in the range 100 to 300* C. The 
oxygen-containing gas is preferably oxygen If the 

55 synthesis gas is to be converted to methanol and 
air or oxygen-enriched air if it is to be converted to 
ammonia. 

Steam, hydrocarbon-containing gas and/or car- 
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bon dioxide may also be fed to the second reform- 
ing zone. The hydrocarbon-containing gas. if used, 
is preferably obtained by dividing the feed to the 
primary reforming zone suitably after preheating. 

The secondary reforming zone suitably tal<es 
the form of a refractory lined reactor operable 
under essentially adiabatic conditions. Part of the 
hydrocarbon is combusted in order to provide the 
heat required for reformation. Suitably, the tem- 
perature in the second reforming zone is main- 
tained In the range from 900 to 1400* C, typically 
about 1200*C. The second reformer effluent is 
then passed to the primary reforming zone as the 
indirect heat exchange medium. The available heat 
of the second reformer effluent is used to provide 
heat for the endothermic reforming reactions by 
passing the second reformer effluent through one 
or more double-pipe heat exchanger-reactors 
counter-currently to the hydrocarbon-containing 
gas and steam feed mixture. 

In an embodiment of the present invention, 
whichever of the central core or annulus of each 
double-pipe heat exchanger-reactor does not con- 
tain primary reforming catalyst may contain a car- 
bon monoxide shift catalyst. 

The carbon monoxide shift catalyst may suit- 
ably be either or both a conventional high tempera- 
ture shift catalyst, for example Fe/Cr, or a steam 
reforming catalyst. An advantage of using this cata- 
lyst disposition is that, as the gas from the secon- 
dary reformer is cooled as it passes through the 
primary reforming zone, an extra exotherm is given 
out as the shift reaction:- 

CO + HzO ^ OO2 + H2 

proceeds to the right hand side of the equation to 
maintain chemical equilibrium. This extra heat can 
be used to increase the gas outlet temperature, ail 
other things being equal, thereby increasing the 
temperature driving force at the cooler end of the 
exchanger. 

This enables operation with a lower steam con- 
sumption than would be possible without shift equi- 
librium. Another advantage of maintaining shift 
equilibrium as the gas is cooled is that the possible 
formation of carbon by the reaction:- 

2 CO — CO2 + C 

which can lead to blockage of the heat exchanger, 
is eliminated. For similar reasons, a shift catalyst 
may be included in downstream equipment, for 
example waste heat boilers. 

The secondary reformer effluent is removed 
from the primary reforming zone at a temperature 
which may be for example in the range from 450 to 
700 *C and preferably cooled, thereby raising 


some or all the steam required in the process. After 
cooling, carbon dioxide may be recovered from the 
effluent. Methods for removing carbon dioxide from 
such compositions are well known in the art. Any 
6 suitable method may be used, but it is preferred to 
use a physical solution process in order to avoid a 
demand for large quantities of steam for regenera- 
tion. 

Carbon dioxide recovered from the secondary 
10 reformer effluent may be fed to the primary and/or 
secondary reforming zones, if required. 

The process and apparatus according to the 
present invention can have a number of advan- 
tages over knowa processes and apparatus. The 
75 apparatus is relatively simple and can be manufac- 
tured using standard pipe sections. Thus the 
capital cost of the apparatus Is low. Also the ap- 
paratus can be designed In the form of modules 
which allows the heat requirement and/or capacity 
20 of the process to be relatively easily changed by 
adding or removing double-pipe heat exchanger- 
reactors and/or secondary reforming reactors. This 
modular approach enables the apparatus to be 
easily transported and Installed. It also allows in- 
25 dividual double-pipe heat exchanger-reactors 
and/or secondary reactors to be shut-down for 
maintenance or replacement without having to 
shut-down the whole process. The use of double- 
pipe heat exchanger reactors also provides more 
30 uniform heating than shell and tube heat exchang- 
ers in which tubes at the edge of the tube bundle 
may be subjected to a different rate of heat ex- 
change than tubes at the centre of the tube bundle. 
The process and apparatus according to the 
35 present invention will now be further described with 
reference to the accompanying drawings in which; 
Rgure 1 is a schematic sectional view of an 
integral primary and secondary reformer. 
Rgure 2 is a schematic sectional view of an- 
40 other form of integral primary and secondary 
reformer. 

Figure 3 is a schematic plan view of a plurality 
of double-pipe heat-exchanger reactors and a 
secondary reforming zone according to the 
45 present invention. 

Figure 4 is a schematic elevation view of the 
arrangement of Figure 3. 

Figure 5 is a flow diagram of a process accord- 
ing to the present invention 

50 Figure 1 illustrates an integral primary and sec- 

ondary reformer comprising a primary reforming 
zone 1 and a secondary reforming zone 2. The 
primary reforming zone 1 comprises a double-pipe 
heat exchanger-reactor having an inner pipe 3 and 

66 an outer pipe 4, the two pipes are substantially 
concentric. A primary reforming catalyst 5 is 
packed into the annulus 6 formed between the 
inner pipe 3 and outer pipe 4 which catalyst Is 
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supported by packing 7. The feed for the primary 
reforming zone enters through inlet 8 and the pri- 
mary reformer effluent leaves through outlet 9. 
Thus the feed passes along the length of the 
annulus 6 of the double-pipe heat exchanger-reac- 
tor. A packed gland 10 is provided to permit rela- 
tive movement between the inner pipe 3 and outer 
pipe 4. The primary reforming zone is also pro- 
vided with an access port 11. The secondary re- 
forming zone 2 comprises a reactor, fined with a 
refractory material 19, attached to the primary re- 
forming zone 1 at the opposite end to the feed inlet 
8. Pipe 12 conveys the primary reformer effluent 
from the primary reforming zone 1 to the inlet 13 of 
the secondary reforming zone 2. Oxygen-contain- 
ing gas and optionally steam, hydrocarbon-contain- 
ing gas and/or carbon dioxide can be Introduced 
via inlet 14, it will be appreciated that inlet 14 may 
be replaced by a number of separate inlets. The 
secondary reformer effluent leaves the secondary 
reforming zone 2 via outlet 15 which is connected 
to the Inner core 16 of the primary reforming zone 
1. The secondary reforming catalyst is shown as 
being contained In the secondary reforming zone 2 
and also in the Inner core 16 of the primary reform- 
ing zone. 

The secondary reformer effluent passes along 
the length of the central core 16 of the primary 
reforming zone 1, countercurrently to the primary 
reformer feed, and leaves through outlet 18. 

The pipes 3,4 of the double-pipe heat 
exchanger-reactor may be of any suitable size. For 
example in an embodiment of the present inven- 
tion, the inner pipe 3 may have a nominal bore of 6 
inches (1 52 mm) and the outer pipe 4 may have a 
nominal bore of 10 inches (254 mm). In another 
embodiment the inner pipe 3 may have a nominal 
bore of 8 inches (203 mm) and the outer pipe may 
have a nominal bore of 12 Inches (305 mm). 

The inner wall of the outer pipe 4 may be 
insulated e.g. with a refactory material in order to 
reduce heat loss. Insulating the inner wall of the 
outer pipe 4 may also allow a lower specification, 
lower cost material to be used for the pipe wall. 

Since the temperatures to which the material of 
the pipes 3,4 will be exposed will be different at 
different positions along the length of the double- 
pipe heat exchanger-reactor, different materials can 
be used at different positions. For example, a metal 
suitable for use in a high temperature environment 
may be required adjacent the inlet for the secon- 
dary reformer effluent 15 whereas a lower speci- 
fication, lower cost metal may be adequate adja- 
cent the outlet 18 for the secondary reforming 
effluent. 

Figure 2 illustrates another form of the appara- 
tus In which the same reference numerals as used 
in Figure 1 are used to identify the same elements. 


The second embodiment differs from the first em- 
bodiment In that in place of the pipe 1 2 for convey- 
ing the primary reformer effluent from the primary 
reforming zone 1 to the secondary reforming zone 

5 2 a shell 20 Is used which encloses the second 
reforming zone, this shell 20 is directly connected 
to the annulus 6 of the primary reforming zone and 
together with the secondary reforming zone forms 
an annulus for conveying the primary reforming 

10 effluent about the secondary reforming zone. The 
primary reforming effluent enters the secondary 
reforming zone via openings 21. In this embodi- 
ment, the secondary reforming catalyst 22 is 
shown as a bed which Is wholly contained within 

15 the secondary reforming zone 2. The central core 
16 of the double-pipe heat exchanger reactor may 
be packed with a carbon monoxide shift catalyst if 
desired. 

Rgure 3 illustrates an apparatus according to 
20 the invention in which the same reference numerals 
as used in Rgure 1 are used to identify the same 
elements. In this embodiment a plurality of double- 
pipe heat exchanger-reactors 1 are peripherally 
arranged around the circumference of the secon- 
ds dary reforming zone 2, being close-coupled thereto 
by interconnecting pipes 12. 

Figure 4 Illustrates an elevation view of the 
arrangement of Figure 3 in which the same refer- 
ence numerals as used in Figure 1 are used to 
30 identify the same elements. In this embodiment, 
instead of a single large diameter outlet 18 for the 
secondary reforming effluent there may be used a 
number of smaller diameter outlets. It will be read- 
ily appreciated that different arrangements of inlets 
35 13 and 14 and pipes 12 are possible. 

A process for producing synthesis gas accord- 
ing to the present Invention is illustrated in Figure 
5. In Figure 5, 32 represents a preheater, 33 repre- 
sents a fired heated. 36 is a guard bed, 38 is an 
40 integrated primary and secondary reformer accord- 
ing to the present invention, 48 is a boiler for 
generating steam and 49 is a carbon dioxide recov- 
ery plant. 

Desulphurised natural gas is fed through line 
45 31 to the preheater 32 and thereafter through the 
fired heater 33. After exiting through line 34, It is 
passed through the guard bed 36 wherein poisons 
detrimental to the operation of the refonnning cata- 
lysts are removed. A proportion of the natural gas 
so is then passed through line 37 to the primary 
refomning zone of the integrated primary and sec- 
ondary reformer 38. Carbon dioxide may also be 
fed to the primary reforming zone through line 40. 
Superheated steam Is introduced via line 39. 
56 The gas at exit from the primary reformer 

which may contain a considerable proportion of 
unconverted methane is passed through line 41 to 
the secondary reforming zone of the integrated 
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reformer 38. Also passed to the secondary re- 
former is a proportion of the preheated fresh natu- 
ral gas through line 43. steam through line 44 and 
preheated oxygen through line 45. The facility also 
exists for adding carbon dioxide through line 51 . 

The gaseous stream exiting from the secon- 
dary reforming zone is passed as the indirect heat- 
ing medium to the primary reforming zone of the 
integrated primary and secondary reformer 38 
which may contain a catalyst to promote the shift 
reaction. In cooling and reacting it heats the pri- 
mary reaction gases. 

The secondary reformer effluent is then passed 
out of the primary reforming zone through line 47 
and is cooled in the boilers 48. The steam raised 
thereby can be used in the process. Carbon diox- 
ide can be recovered from the cooled gas stream 
in the carbon dioxide removal plant 49 using con- 
ventional technology. Recovered carbon dioxide 
can be recycled through line 50 to the reformer 38, 
optionally via a gas compressor. 

The heat available from the secondary effluent 
may not be sufficient for all of the primary reform- 
ing. Additional primary reformer effluent may there- 
fore be provided by a conventional radiant steam 
reforming furnace (not shown). Additional heat may 
be provided to the primary reforming zone of the 
apparatus according to the present invention. For 
example, the double-pipe heat exchanger-reactors 
may be positioned in a radiant furnace (not shown). 

Ctafms 

1. Apparatus suitable for use in the production of 
synthesis gas from hydrocarbons which com- 
pnses a primary reforming zone in which a 
hydrocarbon - containing gas and steam are 
partially reformed in the presence of a primary 
reforming catalyst to produce a primary re- 
former effluent and a secondary reforming 
zone In which the primary reformer effluent 
and an oxygen - containing gas are reacted in 
the presence of a secondary reforming catalyst 
to produce a secondary reformer effluent 
characterised in that (1) the primary reforming 
zone compnses a plurality of double pipe heat 
exchanger - reactors arranged peripherally 
about the circumference of a single reforming 
zone and close coupled thereto and (2) each 
double pipe heat exchanger-reactor Is (a) 
adapted to contain the primary reforming cata- 
lyst in either its central core or annulus and 
(b) provided with at least one inlet for introduc- 
ing steam and hydrocarbon-containing gas into 
whichever of the central core or annulus con- 
tains the primary reforming catalyst, an outlet 
for conveying the primary reformer effluent to 
the secondary reforming zone and an inlet for 


introducing the secondary reformer effluent 
into whichever of the central core or annulus 
does not contain the primary steam reforming 
catalyst countercurrently to the steam and 
5 hydrocarbon-containing gas and an exit from 

the same for removing the secondary reformer 
effluent from the apparatus. 

2. Apparatus as claimed in claim 1 wherein each 
10 double pipe heat exchanger-reactor is adapted 

to contain primary reforming catalyst in its 
annulus. 

3. Apparatus as claimed in claim 1 characterised 
75 in that the secondary reforming zone is cylin- 
drical and has a diameter which is large rela- 
tive to that of each double-pipe heat 
exchanger-reactor. 

20 4. Apparatus as claimed in claim 1 further com- 
prising a guard bed connected to the upstream 
side of each inlet for introducing the 
hydrocarbon-containing gas. 

25 5. Apparatus as claimed in claim 1 characterised 
in that each double-pipe heat exchanger-reac- 
tor is provided with a packed stuffing box. 

6. Apparatus as claimed in claim 1 further com- 
30 prising a means for preheating the 

hydrocarbon-containing gas and the steam. 

7. Apparatus as claimed in claim 1 characterised 
in that each double pipe heat exchanger-reac- 

35 tor Is adapted so that whichever of the central 

core or annulus Is not adapted to contain the 
primary reforming catalyst is adapted to con- 
tain a carbon monoxide shift catalyst. 

40 8. Apparatus as claimed in claim 1 characterised 
In that the secondary reforming zone is a re- 
fractory lined reactor adapted to operate under 
essentially adiabatic conditions, 

45 9, Apparatus as claimed in claim 8 wherein the 
refractory lined reactor Is four meters in diam- 
eter as is surrounded by twelve double pipe 
heater-exchanger reactors. 

50 10. A process for producing a secondary reformer 
effluent comprising synthesis gas from a 
hydrocarbon-containing gas which comprises 
the steps of 

(1) charging an apparatus as defined in any 
66 ode of claims 1 to 9 with a primary reform- 

ing catalyst, a secondary reforming catalyst 
and optionally a carbon monoxide shift cata- 
lyst 
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(2) feeding the hydrocarbon-containing gas 
and steam to each double pipe exchanger- 
reactor 

(3) feeding an oxygen-containing gas to the 
secondary reforming zone, and 

(4) removing the secondary reformer efflu- 
ent from the apparatus via the exit on each 
double-pipe heat exchanger-reactor. 

Revendicatlons 

1. Apparel! apte k etre utilise dans la production 
de gaz de synthase k partir d'hydrocarbures, 
qui comprend une zone de reformage primaire 
dans iaquelle un gaz contenant un hydrocarbu- 
re et de la vapeur d'eau sent partiellement 
reformes en presence d*un catalyseur de refor- 
mage primaire pour produire un effluent de 
Tappareil de reformage primaire et une zone 
de reformage secondaire dans Iaquelle Tef- 
fluent de Tappareil de reformage primaire et un 
gaz contenant de I'oxygene sent amends h 
r^agir en presence d'un catalyseur de reforma- 
ge secondaire pour produire un effluent d'ap- 
pareil de reformage secondaire, caracterise en 
ce que (1 ) la zone de reformage primaire com- 
prend une plurality de reacteurs-^changeurs 
de chaleur a double tube a agencement peri- 
pherique autour de la clrconf^rence d'une zone 
unique de reformage et en couplage etroit 
avec elle et (2) chaque reacteur-echangeur de 
chaleur h double tube est (a) congu pour 
contenir !e catalyseur de reformage primaire 
dans son noyau central ou espace annulaire et 
(b) equip^ d'au moms un conduit d'admission 
pour rintroduction de vapeur d'eau et de gaz 
contenant des hydrocarbures dans tout noyau 
central ou espace annulaire qui contient le 
catalyseur de reformage primaire, d*un conduit 
de sortie pour transporter Teffluent de Tappa- 
rei! de reformage primaire dans la zone de 
reformage secondaire et d'un conduit d'admis- 
sion servant k introduire Teffluent de I'appareil 
de reformage secondaire dans n'importe quel 
noyau central ou espace annulaire qui ne 
contient pas le catalyseur de reformage primai- 
re k la vapeur, a contre-courant avec la vapeur 
et le gaz contenant les hydrocarbures et une 
sortie pour d^charger de Tappareil I'effluent de 
Tappareil de reformage secondaire. 

2- Appareil suivant la revendlcation 1, dans lequel 
chaque reacteur-echangeur de chaleur a tube 
double est conpu pour contenir dans son espa- 
ce annulaire du catalyseur primaire de refor- 
mage. 

3. Appareil suivant la revendication 1 . caracteris§ 
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en ce que la zone de reformage secondaire 
est cylindrique et a un diametre qui est grand 
par rapport a celui du reacteur ^changeur de 
chaleur k double tube, 

4- Appareil suivant la revendication 1, compre- 
nant en outre un lit de protection re\\6 au c6te 
amont de chaque tube d'admission pour rintro- 
duction de gaz contenant un hydrocarbure. 

5- Appareil suivant la revendication 1, caract^ris^ 
en ce que chaque reacteur-echangeur de cha- 
leur a double tube est pourvu d'un presse- 
etoupe garni. 

6. Appareil suivant la revendication 1, compre- 

nant en outre des moyens de prechauffage du 
gaz contenant un hydrocarbure et de la va- 
peur. 


7. Appareil suivant la revendication 1 , caract4ris6 
en ce que chaque reacteur-echangeur de cha- 
leur k double tube est realist de manidre que 
le noyau central ou I'espace annulaire qui n'est 
25 pas adapte pour contenir le catalyseur de re- 

formage primaire soit congu pour contenir un 
catalyseur de conversion de I'oxyde de carbo- 
ne. 

30 8- Appareil suivant la revendication 1, caracterise 
en ce que la zone de reformage secondaire 
est un reacteur k garniture r^fractaire congu 
pour fonctionner dans des conditions essentiel- 
lement adiabatiques. 

36 

9. Appareil suivant la revendication 8, dans lequel 
le reacteur a garniture refractaire a un diame- 
tre de quatre metres et est entoure de douze 
reacteurs-echangeurs de chaleur k double 

40 tube. 

10. Precede de production d'un effluent de refor- 
meur secondaire comprenant du gaz de syn- 
thdse a partir d'un gaz contenant un hydrocar- 

45 bure, qui comprend les etapes consistant : 

(1) k charger un appareil tel que defini dans 
I'une quelconque des revendicatlons 1^9 
avec un catalyseur de reformage primaire, 
un catalyseur de reformage secondaire et, k 

so titre facultatif, un catalyseur de conversion 

d'oxyde de carbone 

(2) k faire arriver le gaz contenant un hydro- 
carbure et de la vapeur d'eau dans chaque 
reacteur-echangeur k double tube 

56 (3) k charger un gaz contenant de Toxyg^ne 

dans la zone de reformage secondaire et ' 
(4) k evacuer I'effluent du reformeur secon- 
daire de rappareil par la sortie prevue sur 
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chaqu© rdacteur-^changeur de chaleur k 
double tube. 

PatentansprUche 

5 

1. Vorrichtung, die zur Verwendung bel der Her- 
stellung von Synthesegas aus Kohlenwasser- 
stoffen geeignet ist, umfassend eine erste Re- 
formierungszone, in der ein Kohlenwasserstoff- 
enthaltendes Gas und Dampf in Anwesenhert lo 
eines ersten Reformierungskatalysators teilwei- 
se reformiert werden, um einen ersten Refor- 
nnierungsabflu/J zu bilden und eine zweite Re- 
formferungszone, In der der erste Reformie- 
rungsabflu^ und ein Sauerstoff-enttialtendes is 
Gas in Anwesenfielt eines zweiten Reformie- 
rungskatalysators umgesetzt werden, um einen 
zweiten Reform lerungsabfIu/3 zu bilden, da- 
durch gekennzelchnet, da/3 (1) die erste Refor- 
mierungszone eine Vielzahl von so 
Doppelrohrwarmeaustausch-Reaktoren umfaflt. 
die perlpherisch um den Umkrels einer einzeh 
nen Reformierungszone angeordnet und fest 
damit verbunden sind und (2) jeder 
Doppelrohrwarmeaustausch-Reaktor (a) dazu 25 
geeignet ist, den ersten Reformierungskataly- 
sator entweder in seinem zentraien Kern oder 
Ringraum zu enthalten und (b) mit wenigstens 
einer Eintrlttsdffnung zum Einfuhren von 
Dampf und Kohlenwasserstoff-enthaltendem 30 
Gas in den zentraien Kern oder den Ringraum, 
in Abhangigkelt davon, welcher den ersten Re- 
formierungskatalysator enthMIt, einer Austritts- 
offnung zum Zufuhren des ersten Reformie- 
rungsabfiusses zu der zweiten Reformierungs- 36 
zone und einer EintrittsSffnung zum EinfUhren 
des zweiten Reformierungsabffusses In den 
zentraien Kem oder den Ringraum, In AbhMn- 
gigkeit davon, welcher den ersten Dampf-Re- 
formierungskatalysator nicht enthSIt, gegen- 40 
strSmig zu dem Dampf und Kohlenwasserstoff- 
enthaltenden Gas und einem Ausgang aus dle- 
sem, um den zweiten Reformierungsabflui3 aus 
der Vorrichtung auszuleiten, versehen Ist. 

45 

2- Vorrichtung nach Anspruch 1, worin jeder 
Doppelrohrwarmeaustausch-Katalysator dazu 
geeignet ist, den ersten Reformierungskataly- 
sator In seinem Ringraum zu enthalten. 

50 

3- Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zelchnet, dai5 die zweite Reformierungszone 
zyfindrisch ist und einen im Verhaltnis zu je- 
dem Doppeirohrw§rmeaustausch-Reaktor gro- 

jSen Durchmesser aufweist 56 


richtung oben gelegenen Seite jeder Eintritts- 
offnung zum Einfuhren des Kohlenwasserstoff- 
enthaltenden Gases verbunden Ist. 

5. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dai5 jeder 
Doppelrohrwarmeaustausch-Reaktor mit einer 
gepackten Stopfbuchse versehen ist. 

6. Vorrichtung nach Anspruch 1 , die weiterhin ein 
MIttel zum VorwSrmen des Kohlenwasserstoff- 
enthaltenden Gases und Dampfs umfaiSt. 

7. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zelchnet, dad jeder 
Doppelrohrwarmeaustausch-Reaktor derart be- 
schaffen ist, dai3 der zentrale Kem oder Rin- 
graum, der nicht dazu vorgesehen ist den er- 
sten Reformierungskataly sator zu enthalten, 
dazu vorgesehen ist einen KohlenmonoxidKon- 
vertlerungskatalysator zu enthalten. 

8. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zelchnet, dai3 die zweite Reformierungszone 
ein feuerfest ausgekleideter Reaktor ist, der 
dazu geeignet ist, unter im wesentllchen adia- 
batischen Bedlngungen zu arbelten. 

9. Vorrichtung nach Anspruch 8, worin der feuer- 
fest ausgekleidete Reaktor einen Durchmesser 
von 4 IVIetern aufweist und von 12 
DoppelrohrwSrmeaustausch-Reaktoren umge- 
ben ist. 

10. Verfahren zur Herstellung eines zweiten Refor- 
mierungsabflusses umfassend Synthesegas 
aus einem Kohlenwasserstoff-enthaltenden Ga- 
ses, das die folgenden Schritte umfaBt: 

(1) FOIien einer Vorrichtung wie einem der 
AnsprUche 1 bis 9 definiert, mit einem er- 
sten Reformierungskataiysator, einem zwei- 
ten Reformierungskatalysator und gegebe- 
nenfalls einem Kohlenmonoxid-Konvertie- 
rungskatalysator 

(2) EinfUhren des Kohlenwasserstoff-enthal- 
tenden Gases und Dampfs in jeden 
Doppelrohrwarmeaustausch-Reaktor 

(3) Einfuhren eines Sauerstoff-enthaltenden 
Gases in die zweite Reformierungszone und 

(4) Ausleiten des zweiten Reformierungsab- 
flusses aus der Vorrichtung uber den Aus- 
gang an jedem DoppelrohrwSrmeaustausch- 
Reaktor. 


Vorrichtung nach Anspruch 1 , die weiterhin ein 
Schutzbett umfaSt, das mit der in Stromungs- 


8 


EP 0 242 199 B1 



EP 0 242 199 B1 



EP 0 242 199 B1 



11 


EP 0 242 199 B1 



1 2 


EP 0 242 199 B1 



13 


